I N T H E T H I RT Y-F I V E Y E A R history of the Dietary
Guidelines for Americans (DGA), rarely has the science behind the guidance provoked more controversy than in 2015. Jointly written by the United States Department of Agriculture (USDA) and Health and Human Services (HHS) , the DGA are updated every five years to reflect new evidence and new dietary concerns. Each time the government appoints a Dietary Guidance Advisory Committee (DGAC), composed of nutritionists, physicians, and public health experts, to conduct the necessary research and report back on its recommendations. In 2015, much of the 600-plus page DGAC report revisited familiar topics, such as the latest findings on sodium and cholesterol. But one new recommendation proved especially divisive. In the interests of improved environmental sustainability-a concern past advisory committees had not explicitly addressed-the 2015 DGAC report advised that the new guidelines call for diets lower in "animal-based" foods (DGAC 2015a) .
The committee emphasized that it was not suggesting that Americans give up these foods altogether, only that they eat less of them. It also repeatedly stressed that healthful and more sustainable eating went hand in hand, and that its advice regarding plant-based versus animal-based foods was both sciencebased and consistent with sustainable diet guidelines published in several other countries (Lang 2014 ; Health Council of the Netherlands 2011; Monteiro et al. 2015; Livsmedelsverket 2015) . Nonetheless, this advice provoked strong reactions in the media, in the record 29,000 public comments, and most noticeably in the US Congress, where meat industry-backed Republicans took unprecedented measures to keep this recommendation, and indeed any mention of sustainability, out of the DGA (Charles 2014; CSPI 2015) . Ultimately the lawmakers got their way. The new guidelines, finally released in early 2016, say nothing about the environment impacts of diet (Health and Human Services, 2016) .
For supporters of the DGAC recommendations, this outcome marked yet another triumph of industry lobbying over science-based nutrition policymaking (Lappé 2016; Katz 2016; Merrigan et al. 2015) . While perhaps an accurate description of events in Congress, this interpretation overlooks the wide range of views about dietary sustainability expressed in the public comments on the DGAC report. It also downplays the many unanswered questions in the scientific literature on the subject, and neglects the other questions-more political, normative, and ultimately epistemological-raised by the increasingly international movement to incorporate environmental concerns into official dietary guidance (Lang 2014) . Which concerns, for example, should be prioritized? How should likely tradeoffs Abstract: In 2015, controversy over the Dietary Guidelines for Americans reached a new level when the government-appointed Dietary Guidance Advisory Committee (DGAC) recommended that those guidelines promote more sustainable diets, particularly those lower in animal-based foods. Although the committee found ample scientific evidence that such a shift would be a "win-win" for Americans' health as well as the environment, it met with fierce opposition on both counts, and not only from the livestock industry. This suggests how sustainable diet guidance poses a classic wicked problem, meaning one characterized by high levels of complexity, uncertainty, and epistemological conflict. While relationships between food, bodies, and environments are inevitably complex and uncertain, the controversy surrounding DGAC's recommendation offers an opportunity to explore how the scientific evidence on dietary sustainability is actually produced, and how it does or does not speak to other knowledge about eating for bodily and ecological health. To do this I look first at the research behind DGAC's endorsement of diets high in plant-based versus animalbased foods, and then at select responses in the public comments. The contrast not only highlights the incommensurability of modeled versus experiential evidence, but also suggests that efforts to promote more sustainable food consumption cannot credibly ignore questions (however unresolved) about what constitutes more sustainable production.
Keywords: dietary guidance, sustainability, wicked problems, critical nutrition, life cycle assessment between nutritional and environmental priorities be navigated (Garnett 2014) ? Not least, what are legitimate sources of dietetic knowledge, once it is assumed that diet must sustain both humans and their earthly habitats? DGAC's federal charter offers limited guidance on this last question, saying only that the committee must base its recommendations on "the preponderance" of current scientific and medical knowledge (Secretary of Health and Human Services 2013) . On sustainability, it drew mostly from a relatively new body of research that models the aggregate farm-to-fork environmental impacts of different foods, food categories, and dietary patterns. This type of modeling generates the kind of quantitative, population-scale evidence that must inform all DGAC recommendations, and indeed all US government dietary guidance (DGAC 2015b).
While DGAC described the dietary sustainability modeling research as "state of the art," it also acknowledged certain limitations, including the complexities and uncertainties inherent in the models themselves. I examine some of those limitations. Unlike DGAC's Congressional detractors, however, my point is not that "the science isn't settled" and therefore nothing can be done (Hamblin 2015) . Instead I want to call attention to the problem of looking to "the science" to support claims about the sustainability of different dietary patterns when it is far from clear what (or whose) knowledge that science should include.
As recent critical nutrition scholarship has shown (see the Gastronomica Fall 2014 special issue), to a certain extent this problem afflicts all modern dietary guidance. While the authority of mainstream nutritional science has never been absolute, today it faces challenges not only from other biomedical fields-where new research in endocrinology and epigenetics, for instance, questions long-assumed relationships between dietary choices and bodily health (Landecker 2013; Guthman and Mansfield 2012) -but also from high-profile proponents of alternative diets (Moore and Hoffmann 2014; Gunnarsson 2012) .
Growing awareness of the magnitude, range, and variation of food's environmental impacts adds to those challenges. On one hand, by some accounts the many activities involved in producing food add up to "the single largest human impact on our finite planet" (Clay 2011: 287) . On the other hand, given the different combinations of ecosystems, species, technologies, and practices that go into producing food (not to mention getting it onto the table), those activities play out in nearly infinite variety across the planet, and not always harmfully. Knowledge about those food-environment interactions is also widely dispersed both across the sciences (agronomy, hydrology, animal physiology, etc.) and highly localized within different places and communities of food production.
In short, the case for sustainable diet guidance has become clearer even as it has become less clear where that guidance should come from. This is one dimension of a wicked problem. Rittel and Webber originally coined this term to describe problems characterized by high levels of urgency, complexity, and uncertainty, and by sharp disagreements about their basic definitions, causes, and therefore the type and amount of information needed to address them (Rittel and Webber 1973) . Wicked problems demand attention but defy solutions, in part because there is no way to prove what the best solutions would be.
Writing in the 1970s, Rittel and Webber attributed the wickedness of many modern policy problems to a combination of increasing social pluralism and diminishing faith in institutionalized expertise. More recent writing on environmental controversies makes clear that their wickedness owes not just to how different social groups and scientific communities value "nature" and evaluate risk but also, often, where they are located relative to the nature or risks in question (Farrell 2011; Balint 2011) . In the even more recent debate over DGAC's sustainable diet recommendations, geography mattered at yet another level: many of the public comments referenced not just scientific evidence in one form or another, but also their own and their families' health and, in the case of food producers, the health of their land and livestock. By contrast, the modeling research that DGAC consulted is largely aspatial.
By definition, the epistemological divides characterizing wicked problems are not easily bridgeable. But asking how the different sides arrive at their respective knowledge claimsrather than assuming, like some recent analyses, that they derive automatically from partisan ideologies (i.e., Shellenberger and Nordhaus 2013; Shellenberger 2015 )-offers at least a start. It is a first step toward "working well with wickedness," as Law (2014) puts it. My own analysis of the contrasting claims about dietary sustainability, made in the 2015 DGAC report and subsequent public comments, begins with a brief history of why and how the committee decided to address this new concern. I then show how, in complying with the norms and rules of federal science-based dietary guidance, it arrived at advice that was indeed science-based, but could also be easily and legitimately criticized. This was partly because the committee portrayed a shift toward plant-based dietary patterns as a simple "win-win," downplaying uncertainties and tradeoffs, and partly because it drew on evidence incommensurable with popular dietary and environmental knowledge.
Ecological Influences
In their far-reaching influence on federal food policies, "onesize-fits-all" guidance, and traditional focus on the nutrient intakes of individual eaters, the Dietary Guidelines for Americans arguably epitomize all that is both "hegemonic" and reductionist about modern nutritional science (HayesConroy and Hayes-Conroy 2013). Critical nutrition scholars have shown how the DGA have been influenced by industrial societies' need for a productive, efficiently fed workforce, and how it has in turn influenced what peopleperhaps Americans especially-are taught to care about in food (Mudry 2009; Biltekoff 2014; Guthman 2011; Scrinis 2013) . But the DGA are just one of the more visible late twentiethcentury products of a field that, at least at certain historical moments, has seen considerable cross-fertilization with the environmental and social sciences. In the 1920s, research on how the growing problem of soil erosion might affect plant, livestock, and ultimately human nourishment spurred both exchanges among diverse scientific disciplines (agronomy, animal physiology, botany, biochemistry) and the rise of a "proto-environmentalist critique" among participating researchers (Orr 1929; Renner 2012) . In the 1970s, widespread concerns about how to feed a growing population on a finite planet-a wicked problem if there ever was one-informed Columbia University nutritionist Joan Gussow's course on "nutritional ecology," which she described as "an examination of the biological, technical, social, scientific, and commercial matrices in which the production, processing, and consumption of food are embedded" (Gussow 1978: xiii) . More a food systems approach than an inquiry into trophic flows, Gussow's ecological perspective later became the basis for her and Kate Clancy's now oft-cited "Dietary Guidelines for Sustainability" (Gussow and Clancy 1986) , which buttressed prevailing ideas about healthful eating (not too much salt, sugar, fat, or cholesterol; adequate starch and fiber) with resource-conserving rationales for cutting back on meat (beef especially; see Gussow 1994) , choosing less processed and packaged foods, and supporting local farms. Like much of Gussow's other writing, the "Guidelines" article also criticized the narrowness of nutrition and other food sciences. As she wrote in a 1997 essay titled "Can an Organic Twinkie Be Certified?," what made such a product even thinkable was "the limitations reductionist science has put on our ability to take account of things that matter" (Gussow 1997: 6) .
By the time the 2015 DGAC began its work, Gussow and Clancy's ecological perspective informed a growing movement among professional nutritionists (Klein 2013) . Clancy herself spoke at the committee's second public meeting, responding to questions posed by DGAC member Miriam Nelson and other members of a new subcommittee on sustainability. Nelson, a Tufts University nutrition professor and second-time DGAC member, previously led the committee's work on "food environments" (i.e., where people buy, eat, and otherwise encounter food) and this time saw an opportunity to address food's environmental impacts as well. Unlike five years prior, she said, there now appeared to be "enough evidence" on these impacts for DGAC to make credible science-based recommendations. After all, the dietary guidelines had always been concerned with food security, and in her presentation Clancy showed the many ways it could be threatened by the current American diet's contributions to (among other things) soil erosion, water pollution, aquifer depletion, biodiversity loss, and climate change (DGAC 2014) . A shift toward plantbased diets-the same diets associated with lower risks of heart disease-could help mitigate those impacts. "Plant-based" did not necessarily mean no animal products, she emphasized, just less of them (and especially less beef).
The DGAC public meeting notes indicate that other committee members agreed with Nelson that the environmental impacts of diet deserved investigation. But they also pointed out that the committee was expected to make "evidencebased" recommendations. Where exactly would evidence of the most sustainable dietary patterns come from? Certainly not from randomized clinical trials, the so-called "gold standard" of biomedical evidence, nor from prospective cohort studies, the basis of much conventional dietary guidance (DGAC 2013: 123; see also Maki et al. 2014) . Nelson acknowledged that they would need to identify the "right experts" to help identify the best available evidence (the committee later recruited two, one from Tufts and the other from Michigan State University), but that she expected they would find it in modeling studies. She also expected to find "alignment" between the goals of human and environmental health, for "wholesome foods are probably best for the planet, as well" (DGAC 2013: 119) .
Overall, the DGAC meeting records and other accounts of the committee's deliberations 1 show that its members were open to "thinking beyond just individual behavior change," as Nelson put it (ibid.: 116). Members of the sustainability subcommittee in particular were asking questions not just about plant-versus animal-based foods, but also about how those foods are produced, with what inputs, and where. They were also asking about how to make the strongest case that Americans' ongoing food security depended, as Clancy said, on "ecological health" (DGAC 2013) . In at least a tentative and partial sense, in other words, the 2015 DGAC adopted an ecological nutrition approach. But even putting aside the likely political oppositionmerely the creation of a subcommittee on sustainability sparked charges that DGAC's "green radicals" intended to force veganism and higher food prices on the American public (Stier 2014; Telford 2014 )-the committee members knew that the federal rules and norms of science-based dietary guidance effectively limited what they could say. They had to hope that their research confirmed that healthful and sustainable eating patterns did in fact align, because the former was their mandated priority. They had to keep their report "in scope," which meant avoiding policy terrain typically covered by other government documents such as the Farm Bill. They also had to be "very cautious," as one member later put it, to only make claims "which we felt were defensible in the literature and generalizable across the population and the landscape of the United States."
2 And before they said anything, they had to identify literature that would yield "generalizable" evidence.
Model Evidence? Nutrition Meets Life Cycle Assessment
This is a much more complicated conversation than people realize. MARCH 26, 2015 (BOTTEMILLER EVICH 2015 .
Like all the dietary topics it addressed, DGAC began its research on sustainable diets with a basic question: "What is the relationship between population-level dietary patterns and food sustainability and related food security?" It also started with a basic definition of a sustainable diet, adopted from the Food and Agriculture Organization, as "a pattern of eating that promotes health and well-being and provides food security for the present population while sustaining human and natural resources for future generations" (DGAC 2015a: 1). With guidance from committee members (including its two environmental consultants), staff at the USDA's Nutrition Evidence Library (NEL) then conducted a systematic review and compiled an "evidence portfolio" of studies meeting federal standards for scientific "quality, objectivity, utility and integrity" (Nutrition Evidence Library, n.d.). Most of the studies chosen for this portfolio analyzed the sustainability of different dietary patterns using life cycle assessment (LCA), a form of modeling that assesses the multiple cradle-to-grave environmental impacts of goods and services. While life cycle modeling dates back to the 1970s, only in the past several years have farm-to-fork studies of food and diet become more common (Mogensen et al. 2011) . LCA was originally developed to analyze the resource and energy flows defining the "life" of manufactured goods, and to help industries produce those goods more efficiently. Similar to other fields that use mechanical analogies to conceptualize complex biological systems-or, as Joan Fujimura puts it, to "know nature" (Fujimura 2011 )-LCA's engineering origins inform its modeling of food and other products of land and sea (Canals 2011) . This means it captures some aspects of their ecological existence better than others.
I return shortly to LCA's strengths and weaknesses as an approach to assessing dietary sustainability. First, though, it is worth asking why it became the approach that most informed DGAC's sustainable diet recommendations. In part, the committee simply followed convention: existing national guidelines, such as those for Sweden and the Netherlands, also relied on LCA research (Livsmedelsverket 2015; Health Council of the Netherlands 2011). In part, the committee found recent research in this field especially abundant; its report noted that "several relevant studies" came out even after the NEL had finished compiling the evidence portfolio (DGAC 2015a). This abundance reflects high demand for information about different foods' farm-to-fork environmental impacts, on the part of policymakers (especially in Europe), nongovernmental organizations, and above all the food industry (Freidberg 2014) . Food companies are especially interested in LCA's ability to help them identify resource-saving measures that will both cuts costs and demonstrate improved sustainability, at least in efficiency terms (as I discuss later, those measures can come with tradeoffs). As a field that has always depended on industry sponsorship (Freidberg 2015) , LCA has responded to this interest, making "agro-food LCA" a booming subfield. Not least, DGAC turned to LCA-based studies on dietary sustainability because they yielded the right kind of evidence, compatible with mainstream nutritional science's own metrics, categories, and broader assumptions about the healthfulness of different dietary patterns.
Agro-food LCA consists of two broad types of studies. The first and more common type treats food like any other product, in that it quantifies how the estimated environmental impacts of specific units-a liter of milk, a kilo of salmon, a frozen dinner-compare across the food life cycle (i.e., production versus packaging) or according to different parameters (i.e., conventional versus organic, air-freighted versus locally trucked) (Ziegler et al. 2012; Schmidt Rivera, Espinoza Orias, and Azapagic 2014) . Cumulatively, this literature finds that on-farm production usually accounts for most environmental impacts-not, as often assumed, transport or packaging (Weber and Matthews 2008; Mogensen et al. 2011) . It also supports the DGAC claim that the impacts of animal-based foods tend to be higher than those for plant-based ones, at least according to common measures such as greenhouse gas (GHG) emissions, water use, and land use (Baroni et al. 2014; Pelletier et al. 2011; Nijdam, Rood, and Westhoek 2012) . At the same time, though, this research finds significant variation between different plant-and animal-based foods, depending not only on the plant or animal in question (corn versus oats, pig versus chicken) but also where, when, and how they are produced (Hospido 2009 ). It also finds tradeoffs are more the norm than the exception. Organic milk, for instance, appears to contribute more to global warming than conventional milk (due to the reduced yields per acre and animal) but less to other environmental problems, such as water pollution, pesticide drift, and phosphorus depletion (Cederberg and Mattsson 2000) . Almonds may be notoriously water-intensive, but their carbon footprint is modest relative to, say, cheese (Kendall et al. 2015) .
Overall, LCA has helped debunk assumptions about the environmental significance of "food miles," while drawing attention to less obvious yet often larger parts of food's footprint, such as emissions from fertilizer production (Avetisyan 2013; Gazulla 2010) . But LCA's "big picture" perspective is in some ways a blurry one. Its lack of geographical specificity, for instance, owes both to the design of the models themselves and to practitioners' reliance on global or regional databases (rather than actual field sites) for much if not all of their data. A study comparing a hamburger versus a veggie burger can thus quantify the energy, resource use, and assorted emissions implicated in their respective farm-to-fork (or even landfill) lives, but it cannot show how those impacts affect, move through, and vary between specific places (Davis et al. 2009; Newell and Vos 2011) . This means study results are approximate at best, depending on the modeling assumptions and data sources (Herrero 2011) ; it also means that LCA cannot assess products' inherently site-specific impacts on, say, biodiversity or water quality (van der Werf et al. 2014; Notarnicola et al. 2012) . As it happens, some of the criticisms leveled at DGAC's recommendations about animal-versus plant-based foods invoked exactly these types of concerns.
A second type of agro-food LCA research builds off the first, but focuses on quantities of nourishment rather than individual foods. DGAC drew on several such studies, which it found especially useful for answering its basic question about the relationships between population-level dietary patterns and sustainability. This type of modeling in turn relies heavily on nutritional science for data, metrics, categories, and even co-authors, as most LCA practitioners are not themselves nutrition experts (see for example Heller, Keoleian, and Willett 2013). For example, some studies on dietary sustainability combine LCA and "nutrient profiling" models. The latter are algorithms used to rank foods according to their calculated nutritional quality, or density. Nutritionists have devised many such algorithms, ranging from a simple ratio of recommended daily allowance nutrients over calories (Sorenson et al. 1976 ) to more recent and complex formulas such as the Overall Nutritional Quality Index, which scores foods on the basis of how much they contain of sixteen good nutrients versus five presumably bad ones (saturated and transfats, sodium, sugar, and cholesterol) (Katz et al. 2009 ). Not surprisingly, nutritionists debate the assumptions underlying the different algorithms (Scarborough and Rayner 2014; Foltran et al. 2010; Townsend 2010) . But within the emergent field of sustainable diet modeling, the quantified scores make it relatively straightforward to determine which foods and diets deliver the most nutrition with the least environmental impact. At the same time, they make clear how much the choice of model matters. A number of studies find that some of the most nutrient-dense foods, such as low-fat milk and yogurt, are also more emissions-intensive than sugary snacks (Drewnowski et al. 2015) . Even fruits and vegetables appear to have large footprints relative to junk food if impacts are calculated per unit of caloric energy rather than per unit of weight (Vieux et al. 2013) .
Several of the studies consulted by DGAC quantify and compare the overall environmental impacts of predetermined dietary patterns, i.e., vegan, Mediterranean, recommended US diet, average US diet (van Dooren et al. 2014; Sáez-Almendros et al. 2013; Hendrie et al. 2014; Meier and Christen 2012) . Some went a step further and modeled diets "optimized" for health, environment, and cultural acceptability (Wilson et al. 2013; Hoolohan et al. 2013 ). These show how, for instance, British consumers could eat more healthfully and sustainably-again, according to certain metrics-without entirely foregoing meat, cheese, or canned peas (Macdiarmid et al. 2012; Thompson et al. 2012 ). According to one study they could also reduce deaths from cancer and heart disease (Scarborough et al. 2012 ). This type of research supported DGAC's basic claim that even a modest shift from animal-to plant-based foods would improve both the healthfulness and sustainability of the average American diet. It also fits with a broader shift in mainstream nutritional advice, away from warnings about specific nutrients and toward a "total diet approach" (Freeland-Graves, Nitzke, and Academy of Nutrition and Dietetics 2013). But the studies comprising DGAC's evidence base ultimately started from nutritional science's long-held assumptions about the nutrient content that makes certain prototypical diets, i.e., "Mediterranean style," apparently more healthful than the current American one (Sáez-Almendros et al. 2013) . In their use of LCA, most of these studies also only considered GHG emissions and a handful of other aspatial environmental impacts, namely those that can be credibly modeled without data about specific environments (for an exception see Peters, Wilkins, and Fick 2007) . Together, they generated the consistent evidence DGAC needed to show "compatibility . . . between favorable health and environmental outcomes," and to argue that a dietary pattern lower in animal-based foods could deliver both (DGAC 2015a: 10) . But the uncertain and often contingent nature of the studies' findings did not, in the committee's view, allow it to go beyond its basic plant/animal distinction, even though those same findings showed how much differences between species, production practices, and geographies matter. Nor could these studies speak to the counter-evidence, both dietary and environmental, put forward by critics of the committee's advice.
Popular Critics
DGAC's call for Americans to cut back on animal-based foods was far more controversial than any of its other recommendations, contributing to the record number of public comments (more than 29,000 versus around 1,000 in 2010). Both the livestock industry and NGOs supportive of the DGAC recommendation made their opinions known in Washington and through online petition campaigns (i.e., Meat Institute 2015; My Plate, My Planet 2015a); they also provided their supporters with templates for public comments, meaning many are identical. But the comments also make clear that opinions did not fall along a simple industry versus environmentalist/academic divide. Some of the criticisms of the DGAC sustainability recommendation, for instance, were also de facto critiques of industrial livestock production. These particular views and the types of evidence they invoke-some of it peer-reviewed research, some of it experiential, even embodied knowledge-help to illustrate the particular wickedness of sustainable diet guidance.
Three broad arguments run through these critical public comments. The first questions the committee's credibility, often in reference to its past advice. The second defends the healthfulness of diets high in animal-based foods (at least some of them), while the third focuses on the environmental benefits of livestock. The first two arguments in particular often overlap, and have been popularized by recent books such as Good Calories, Bad Calories (Taubes 2008) , Death by Food Pyramid (Minger 2014) , and especially The Big Fat Surprise: Why Butter, Meat, and Cheese Belong in a Healthy Diet (Teicholz 2014) . All of these books blame rising rates of obesity and diabetes on the "shoddy science" behind official dietary guidance, and especially the guidance that led Americans to restrict saturated fat-and thus animal-based foods-in favor of processed carbohydrates. Ancel Keys's famous "Seven Countries" study of diet-heart disease relationships (Keys 1980) comes in for especially harsh criticism. Although the authors do not directly discuss dietary sustainability, their critique challenges the metrics of nutritional quality used in the LCA studies on this topic. These books have their own critics, of course, some of whom accuse them of relying on the same types of evidence they question: small, short-term, and otherwise unrepresentative clinical studies, and cohort studies that demonstrate association, not causation (Yoder 2015) .
The ongoing debate between advocates of animal proteincentered, low-carb high-fat (LCHF) diets and supporters of DGAC's recommendations reflects the difficulty of "paradigmatic uncertainty" of nutritional science more generally (Sanabria and Yates-Doerr 2015) , given the complexity of diet-health relationships and the practical and ethical difficulties of investigating them. Exactly how a particular way of eating impacts individual bodily health can no more be measured or verified than can its impact on global warming. At the same time, given this uncertainty, the debate testifies to the limits of scientific evidence and credentialed nutritional expertise as sources of credibility. Steven Shapin, among others, contrasts the scientific field's interest in population-scale evidence with popular diet writers' attention to particular individuals, usually including themselves (Shapin 2007; Penders 2014; Jauho 2014) . While hardly a new way to sell diet books, authors' interweaving of personal redemption stories with scientific explanation has in recent years encouraged readers both to try alternative diets, many of them a variation on the LCHF theme, and to take seriously their own experience of those diets-regardless of what the official guidance says (Gunnarsson 2012; Huovila 2015) . This emphasis on "dietetic individualism," Huovila and Saikkone (2015) contend, is not merely a rhetorical strategy but an epistemic stance, one that does not reject scientific evidence but (unlike the stance that mainstream nutrition has traditionally defended) also does not see it as the final authority (Maki et al. 2014; Moore and Hoffmann 2014) .
In the public comments on the DGAC report, arguments against its endorsement of diets "higher in plant-based foods" (which, again, do not necessarily represent a majority) commonly invoke both scientific evidence and personal experience. As these examples show, in some cases the most important experience was abandoning the plant-heavy eating patterns recommended by the DGA.
As a fifth generation rancher, a big fan of science-based research, and a very healthy marathon runner, Crossfitter, and adherent to a Paleo diet (lots of red meat), I do NOT support the Committee's recommendation to remove lean meats from the Dietary Guidelines. Science shows that Americans are fat because of overconsumption of carbohydrates, not fat and protein. (Comment ID# 23858) After adopting a paleo diet including lots of healthy saturated fats . . . my children's rashes and eczema left and have never returned, we all lost weight, got off medications, moods and behaviors improved. To this day any time I eat grains I start to experience a return of body wide pain and swelling and my children have intense stomach pains and migraines. I'm so glad I left the suggested eating guidelines behind!! (Comment ID#8595)
In the 1990's, I put my entire family on the diet recommended by the US government dietary guidelines-a low-fat and low-meat diet. Several years later, both I and my daughters were all struggling with major health issues . . . I was diagnosed at the Mayo Clinic as suffering from fibromyalgia. I went to a fibromyalgia specialist in California, and he put me on a low-carb, high protein diet, similar to the Atkins diet. My body began to recover-and I lost weight! . . . My generation has been severely damaged by the bad diet advice from Ancel Keys which began in the 1950's. We Americans are less healthy than our ancestors, and certainly many times fatter! When will it stop? (Comment ID# 5283) And while comments from industry organizations such as the Meat Institute stressed the "nutrient density" of all meatred or white, processed or not-some individuals spoke only of the healthfulness of non-industrial animal products, i.e., free-range beef or raw milk:
As a farmer of 20 years, and a former vegetarian, and even vegan, I would like to state that my health and quality of life have improved tremendously since switching to a pastured-animal centered lifestyle of farming . . . I have more energy, better immunity, have lost weight, enjoy better digestion, and increased mental function than when I was a vegetarian. (Comment ID#4953) For the past fifteen years I have purposely not followed U.S. Govt, [sic] dietary guidelines knowing that doing so would leave me lacking in essential nutrients. Not only that, I believe following the "Pyramid" or "Plate" would have caused me to gain weight and head me towards diabetes with its emphasis on starches and grains. Instead I have followed a Weston A Price Foundation-style diet, focusing on truly nutrient-dense, traditional foods including plenty of animal fats from pasture-raised livestock. (Comment ID #5124) Not surprisingly, the DGAC report also generated comments from people who recounted how much their own health improved once they stopped eating animal products. While organizations such as My Plate, My Planet later counted these comments as proof of DGAC's broad public support (MyPlate, MyPlanet 2015b), for the committee's own purposes they mattered no more or less than the views of Paleo adherents. DGAC could accommodate the public's diverse and situated experiences of eating animal foods (or not) only after its population-level research demonstrated that "a variety of dietary patterns" (DGAC 2015a: 9) , all relatively low in those foods, qualify as more healthful and sustainable than the current US diet.
Ethnographies and histories of dietary knowledge production abound with examples of expert practices and institutions that ignore, devalue, and often actively suppress popular understandings of healthful eating (Yates-Doerr 2012; Mol 2012; Kimura 2014; Mudry 2006; Biltekoff 2013) . Indeed, with big enough power differentials between experts and eaters, dietary guidance arguably poses no wicked problem, insofar as the latter have little say in what they are fed or taught to value in food. My point, though, is not that DGAC's approach to producing its sustainable diet guidance was new or unusual (it was not, except in its consulting a body of modeling literature new to most of its members) but rather that including sustainability as a dietary concern adds more sources of urgency, uncertainty, and alternative knowledge. "Alternative" here means simply knowledge produced at scales and about concerns unaddressed by DGAC's own evidence base, namely the LCA modeling studies.
The urgency comes from the increasingly well-documented knowledge that food globally contributes significantly to climate change and other forms of environmental degradation which, if left unchecked, will eventually erode everybody's dietary choices, not to mention overall well-being (Springmann et al. 2016) . Especially in wealthy and relatively well-fed countries, this is one obvious argument for encouraging people to eat less of the most environmentally impactful foods, whatever their nutritional virtues. And much research in and beyond LCA has established that animal products in general count among those foods, simply because animals must themselves consume either plants or other animals (Pimentel and Pimentel 2003; Smil 2013 ). Up to a point, the environmental case for DGAC's recommendations might seem more straightforward or at least less disputable than the health case.
Yet it was disputed, and not only by the livestock industry and its academic proponents. Indeed the beef industry's criticisms in particular were less compelling than many, in that they simply referred to industry-sponsored LCA research showing that its overall footprint, as defined by several indicators (GHG emissions, water, land use, solid waste, among others), had decreased by seven percent since 2005 (Oltjen et al. 2013) .
Many of the public comments defend the sustainability of livestock on very different grounds. Rather than playing up overall efficiency improvements (which owe partly to the practices of "concentrated animal feeding operations" [CAFO] that are themselves controversial [Garnett, Röös, and Little 2015] ) they focus on specific types of environments, as well as ecological processes and scales and concerns that LCA modeling does not capture and therefore cannot rebut. These comments point out that cattle can graze land unsuitable for crop production, converting grasses that humans cannot eat into protein they can. They also play up livestock's role in conserving habitats as well as livelihoods:
Here in the Great Plains, the most sustainable land use is grass for grazing . . . If diet is going to be about land use then saving the last of our prairies has to be considered urgently, and recognize that keeping prairie alive means keeping cattle and bison on the land, and including their meat in our diet. For those who wish to do so, at least. There are so many issues involved in meat-eating, I get that, but . . . I think you should advocate eating red meat as a "green" choice for those who care about prairies. (Comment ID #2332) Where I live in the Great Plains, land use for livestock grazing should be counted as a positive FOR red meat. Grasslands, or prairie, are the native habitat here. Your guidelines are considering environmental impacts of food production, so the loss of native prairie ought to be considered . . . Grazing by livestock is basically what is keeping the prairie alive today, both economically-as a viable alternative to crop farming-and ecologically, as the prairie is adapted to grazing . . . Somehow, your guidelines . . . need to include an exception for livestock grazing on the Great Plains. (Comment ID #23487)
As a livestock producer that uses cattle as a tool to provide the disturbance necessary to enhance the ecological sustainability of the millions of acres of grazing land in the west and sustain the social and economic viability of the rural communities that support the open space all Americans seek, I cannot support these dietary guidelines. (Comment ID #11935) Other comments, many apparently submitted by producers of grass-fed livestock, refer to the climate benefits of their practices relative to CAFO production methods:
As ranchers and farmers who produce meat in a way that's humane for animals as well as healthy for people, the environment, and the economy, we were happy to see the consideration of sustainability in the 2015 USDA dietary guidelines . . . [but] the Dietary Guidelines Advisory Committee . . . ignores the substantial differences in meat production practices and makes the blanket recommendation to consume less red meat and dairy. This does a disservice to consumers and producers alike . . . The GHG emissions from grassfed and pastured animals are offset by the lessened air and water pollution from feedlots, the soil destruction from monocropped grain production used for animal feed, and the reduced need for petrochemical inputs . . . we respectfully request that the Dietary Guidelines Advisory Committee examine those benefits and incorporate them into their final recommendations for the 2015 USDA Dietary Guidelines. (Comment ID #23996)
The manure and grazing activity of the pastured animals is of supreme importance to the fertility and productivity of our farm. I don't believe that a plant-based diet is necessarily best for the environment . . . Production of vegetables and grains is very fossil fuel dependent; pasturing animals not only sequesters carbon, but frees up land to produce food without oil inputs . . . And of course, this is true only of pastured animal products, raised and harvested responsibly . . . None of what I have said above applies to CAFO animal production. (Comment ID #4953) That prairie ecosystems need grazing is not in question; neither is their capacity to store carbon. But questions about how many animals can sustainably graze different range and pasturelands, how much carbon those lands can store, and especially how the environmental footprints of the different livestock production methods compare-these remain unresolved and hotly argued. Indeed, the controversies surrounding certain alternative rangeland management practices (in particular the "Holistic Management" approach advocated by Allan Savory) resemble those around LCHF diets both in their fervor and in the incommensurability of scientific versus experiential evidence (Briske et al. 2013; Teague 2014; Briske et al. 2011) . The debate about the overall environmental merits of grass-fed versus CAFO production methods, meanwhile, reflects not only highly incomplete knowledge but also (and more fundamentally) different normative views on tradeoffs. On one hand, many LCA studies find that CAFO meat, dairy, and eggs are less carbon and resource-intensive simply because they come from animals who live short and compact lives relative to their free-ranging peers (Pelletier, Pirog, and Rasmussen 2010; Capper 2011; Leinonen et al. 2012) . On the other hand, such efficiency has often come at the expense of animal and worker welfare, as well as the livability of local environments (Garnett, Röös, and Little 2015; Pew Commission 2008; Thu 2002) . In short, the question of sustainable meat (and eggs and dairy, for that matter) runs into "wickedness all the way down" (Law 2014 ).
Losing the Win-Wins
"One size cannot fit all in a wicked world," Law (2014: 13) observes, whether in policy or science. Critics of the Dietary Guidelines for Americans have made essentially the same point (Broad and Hite 2014 ). Yet in attending to bodily, cultural, and ecological diversity we should not forget how gravely all this diversity is threatened by climate change and other forms of environmental degradation, to which food production alone (not even counting the rest of its farm-tolandfill life) contributes significantly. The magnitude of this threat underscores both the insufficiency and need for broad-scale dietary change-especially in industrialized countries-and for guidelines that could help to drive it. But what should they say? To answer this question with a prescriptive list would invalidate this essay's entire argument. To punt and say the answer lies in further research would do the same, because more evidence on the sustainability of different dietary patterns (while needed) will not make its translation into guidance any less a wicked problem.
The controversy surrounding the 2015 DGAC report does, however, suggest two possible ways that this problem could be at least partially tamed. Debates about what count as healthful and sustainable dietary patterns will not likely go away, but they might be rendered more productive. The first way would be for the expert bodies such as DGAC to more openly acknowledge uncertainties, tradeoffs, and disagreements. To assert that the science has spoken is to disavow not just many unresolved scientific questions (nutritional, biomedical, and ecological) but also other ways and scales of knowing about food's relationships to bodily and environmental health. Such disavowal obviously does not deflect accusations of bias and incompetence; if anything, the reverse. By contrast, admitting to what is unsure, contested, and likely costly-what Rayner (2012) calls "uncomfortable knowledge"-could help preempt claims that nothing be said or done about dietary sustainability until all doubts are resolved (McGoey 2012) .
Second and related, sustainable diet guidance could acknowledge the obvious point that food's production-where and how, with what inputs, emissions, and exposures-matters. LCA and ecological nutrition have in different yet complementary ways shown that both the healthfulness and sustainability of any dietary pattern depends to some extent on these upstream concerns, just as they do on the plant or animal origins of specific foods. In the United States, legislative and political constraints have traditionally kept references to food production out of the official dietary guidelines. The 2015 DGAC report mentioned the need for less impactful agricultural practices, but otherwise followed in this tradition. By contrast, Brazil's and Sweden's new dietary guidelines discuss the environmental merits of specific plant-and animal-based foods (root vegetables versus greens, chicken versus beef) as well as of specific production methods and landscapes (Ministry of Health of Brazil 2014; Monteiro et al. 2015; Livsmedelsverket 2015) . In light of the polarized state of US food politics, one might argue that this approach to dietary guidance would open up a Pandora's box of controversies over everything from genetically modified organisms to animal welfare. But one could also point to ample evidence-in the public response to the DGAC report, among other places-that this box was opened a while ago, and that no efforts at dietary guidance can entirely evade its contents.
